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carlier than a prior art oxygen sensor does. Accordingly, the
response time of the inventive oxygen sensor becomes
shorter than that of the prior art oxygen sensor.
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1
OXYGEN SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to an oxygen sensor for
detecting the concentration of oxygen contained 1n exhaust
oas.

2. Description of Background Art

Most oxygen sensors are used for an air-fuel ratio control
in 1ndustrial furnaces, boilers, and internal combustion
engines.

Oxygen sensors, which make use of the principle of a cell,
are classified into two types: one being mtended to measure
an electromotive force generated by chemical reaction of a
cell portion of the oxygen sensor, and the other being
intended to measure a change 1n conductance caused by
applying a voltage to a solid electrolyte of a cell portion of
the oxygen sensor. The former oxygen sensor 1s known, for
example, from Japanese Utility Model Laid-open No. Hei
3-2256 entfitled “Oxygen Sensor for Internal Combustion
Engine.” The configuration of the prior art oxygen sensor
disclosed 1n this document will be described below. Refer-
ring to FIG. 1 of this Japanese Utility Model, a protector for
protecting a sensor element unit S (the following reference
numerals are used in the Japanese Utility Model application)
1s of a double cylinder structure having an outer cylinder 21
and an 1nner cylinder 22. Exhaust gas inlet holes 21a and
exhaust gas introduction holes 22a are formed 1n peripheral
walls of the outer cylinder 21 and the inner cylinder 22,
respectively (see FIG. 2), and an exhaust gas outlet hole 225
1s formed 1n a leading end plane of the mner cylinder 22.

Exhaust gas flows 1n the outer cylinder 21 through the
exhaust gas inlet holes 21a. The flow of the exhaust gas is
turned 1n a gap between the outer cylinder 21 and the 1nner
cylinder 22 to be mixed with each other. The mixed exhaust
cgas flows 1n the mner cylinder 22 through the exhaust gas
introduction holes 22a toward an electrode plane 5a having
a directivity, and 1s then discharged from the exhaust gas
outlet hole 22b. The exhaust gas 1s impinged on the elec-
trode plane 5a along a specific direction 1rrespective of the
orientation of the electrode plane Sa, so that the oxygen
sensor can exhibit a constant oxygen concentration detecting
performance.

The prior art oxygen sensor having the above structure,
however, has problems. Since one side edge of each of the
exhaust gas inlet holes 21a of the outer cylinder 21 1is
inwardly bent, the shape of the hole 21a 1s complicated, to
increase the machining cost of the holes 21a.

Since the gap 1s large enough to allow turning of exhaust
cgas therein between the outer cylinder 21 and the inner
cylinder 22, the outside diameter of the outer cylinder 21
becomes large and thereby the size of the protector 1s
increased. Also since the tlow of exhaust gas 1s turned to be
mixed with each other, it may take an excessive time until
the exhaust gas reaches the electrode plane 3a.

The prior art oxygen sensor has another problem in that
the 1nner space of the mner cylinder 22 on the electrode
plane Sa side (front side) is smaller than that on the opposed
side (back side), so that if exhaust gas flows in the inner
cylinder 22 from both the sides as shown 1n FIG. 3, the
exhaust gas exhibits a high fluidity on the back side while 1t
exhibits a poor fluidity on the front side, that is, on the
clectrode plane 5a side, whereby the responsivity of detec-
tion becomes poor. The prior art oxygen sensor, therefore,
has room for improvement in terms of responsivity of
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detection. Since the responsivity of an oXygen sensor exerts
a large effect on the performance of an exhaust gas purifying,
system, 1t 1s expected to improve the performance of the
oxXygen sensor more than ever.

SUMMARY AND OBIJECTS OF THE
INVENTION

An object of the present invention, therefore, 1s to provide
an oxygen sensor excellent 1n responsivity of detection.

To achieve the above object, according to the present
invention, there 1s provided an oxygen sensor mounted 1n an
exhaust passage of an engine for detecting an oxygen
component contained in exhaust gas, mcluding: a sensor
clement unit including a plate-like first electrode; a second
clectrode disposed on one side of the first electrode with a
solid electrolyte layer put therebetween; and a third elec-
trode disposed on the other side of the first electrode with a
solid electrolyte layer put therebetween, thereby detecting
migration of oxygen 1ons between the first electrode and the

second electrode and migration of oxygen 1ons between the
first electrode and the third electrode.

Since the second electrode 1s disposed on one side of the
plate-like first electrode with a solid electrolyte layer put
therebetween and the third electrode 1s disposed on the other
side of the first electrode with a solid electrolyte layer put
therebetween, both the sides of the sensor element unit
function as detecting planes. This means that the directivity
of the oxygen sensor extends in two directions. Since either
the second electrode or the third electrode faces to the flow
of exhaust gas, the oxygen sensor of the present invention
can be brought 1into contact with exhaust gas earlier than the
prior art oxygen sensor does. Accordingly, the response time
of the oxygen sensor of the present invention becomes
shorter than that of the prior art oxygen sensor.

According to the present invention, 1n addition to the
configuration of the invention described above, a plate
heater having an opening portion allowing permeation of the
oxygen 10ns therethrough 1s interposed 1n at least one of the
spaces wherein one of which 1s between the first electrode
and the second electrode and the other of which 1s between
the first electrode and the third electrode.

Since the opening portion allowing permeation of oxygen
ions therethrough 1s formed 1n the plate-like heater, 1f the
plate-like heater 1s disposed on the second electrode side,
oxygen 1ons migrate from the second electrode to the first
clectrode through the opening portion, to generate a current;
while 1f the plate-like heater 1s disposed on the third elec-
trode side, oxygen 1ons migrate from the third electrode to
the first electrode through the opening portion, to generate a
current. As a result, although the plate-like heater 1s pro-
vided 1n the sensor element unit, any reduction 1n detecting
performance 1s not reduced.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
mafter. However, it should be understood that the detailed
description and specific examples, while 1ndicating pre-
ferred embodiments of the mvention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled 1n the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
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accompanying drawings which are given by way of 1llus-
fration only, and thus are not limitative of the present
mvention, and wherein:

FIG. 1 1s a side view of an oxygen sensor of the present
mvention;

FIG. 2 1s a sectional view of the oxygen sensor of the
present mvention;

FIG. 3 1s a sectional view taken on line 3—3 of FIG. 2;
FIG. 4 1s a sectional view taken on line 4—4 of FIG. 2;

FIG. 5 1s an exploded perspective view of a detecting,
clement of the present invention;

FIGS. 6(a) and 6(b) are diagrams illustrating a first
function of the oxygen sensor of the present invention; and

FIG. 7 1s a diagram 1llustrating a second function of the
oxygen sensor of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described with reference to the accompanying drawings.
FIG. 1 1s a side view of an oxygen sensor of the present
invention. An oxygen sensor 1 1s composed of a main body
unit 10 and a sensor element unit 20 mounted on the main
body unit 10. In this figure, symbol G designates a gasket
and P 1s an exhaust passage.

FIG. 2 1s a sectional view of the oxygen sensor of the
present invention. The main body unit 10 includes a main
body 11, a hole 12 formed 1n a central portion of the main
body 11, an external thread 13 and a nut portion 14 formed
on the main body 11. A pipe 15 1s welded to an end portion
of the main body 11. A rubber plug 16 1s provided that 1s to
be inserted in an opening of the pipe 15 for secaling the
opening.

The sensor element unit 20 includes a protector 21 welded
to the main body 11 and a detecting element 30 passing
through the hole 12 of the main body 11. In this figure,
reference numeral 22 designates a terminal crimp and 23 1s
a lead wire.

The protector 21 includes an inner cylinder 24 and an
outer cylinder 25 inserted around the outer periphery of the
inner cylinder 24. The 1nner cylinder 24 has a plurality of gas
permeable holes 24a formed 1n 1ts peripheral wall and a gas
permeable hole 24b formed 1n 1its leading end plane. The
outer cylinder 25 has a plurality of gas permeable holes 254
formed 1n 1ts peripheral wall and a gas permeable hole 255
formed 1n 1ts leading end plane.

The detecting element 30 has detecting planes 31 and 32
on which oxygen contained 1n exhaust gas 1s to be absorbed.
The detail structure of the detecting element 30 will be
described 1n detail later. The orientations of the detecting
planes 31 and 32 are determined on the basis of a fastening,
force applied to the external thread 13 upon mounting of the
oxygen sensor 1.

FIG. 3 1s a sectional view taken on line 3—3 of FIG. 2
showing a state in which the detecting element 30 1s inserted
in the hole 12 formed in the central portion of the main body
11 1n such a manner that a space between the detecting plane
31 and the mner wall of the 1nner cylinder 24 1s equal to a
space between the detecting plane 32 and the inner wall of
the 1nner cylinder 24.

The plurality of gas permeable holes 24a of the inner
cylinder 24 are, in this embodiment, configured as eight
circular holes which are spaced at equal intervals along the
circumferential direction of the peripheral wall in such a
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manner that one of the holes 24a faces to each of the
detecting planes 31 and 32 of the detecting element 30.

The plurality of gas permeable holes 25a of the outer
cylinder 25 are, in this embodiment, configured as cight
circular holes shifted from the gas permeable holes 24a by
an angle 0.

FIG. 4 1s an enlarged sectional view, taken on line 4—4
of FIG. 2, showing the detecting element 30.

Referring to FIG. 4, the detecting element 30 includes a
plate-like first electrode 33; a first solid electrolyte layer 34
and a second solid electrolyte layer 35 connected on both
sides of the first electrode 33, a second electrode 36 formed
on the back surface of the first solid electrolyte layer 34; a
third electrode 37 formed on the top surface of the second
solid electrolyte layer 35; a protective layer 38 formed to
cover the second electrode 36; a protective layer 39 formed
to cover the third electrode 37; and a plate heater 40
interposed between the first electrode 33 and the third
clectrode 37.

The first electrode 33 is formed of a porous platinum (Pt)
body having a gas permeability, which 1s connected to the
first and second solid electrolyte layers 34 and 35 for
allowing oxygen 1ons to flow 1n the first and second solid
clectrolyte layers 34 and 35.

The second electrode 36 1s formed of a porous platinum
(Pt) body having a gas permeability, which is connected to
the first solid electrolyte layer 34 for allowing oxygen 10ns
to flow 1n the first solid electrolyte layer 34.

The third electrode 37 is formed of a porous platinum (Pt.)
body having a gas permeability, which 1s connected to the
second solid electrolyte layer 35 for alloying oxygen 10ns to
flow 1n the second solid electrolyte layer 35.

The first solid electrolyte layer 34 1s made from stabilized
zirconia (Y,0;—Zr0, based ceramic) prepared by adding a
specific amount of yttria (Y,0O5, yttrium oxide) to a base
material, zirconia (ZrO,, zirconium oxide) for stabilization
of zirconia.

The second solid electrolyte layer 35 1s composed of a
first layer 354 and a second layer 35b, each of which 1s made
from stabilized zirconia (Y,O;—ZrO, based ceramic) pre-
pared by adding a specific amount of yttria (Y,O,, yttrium
oxide) to a base material, zirconia (ZrO,, zirconium oxide)
for stabilization of zirconia.

The plate heater 40 includes a heater main body 41, an
insulating layer 42 covering the heater main body 41, and an
opening portion 43 formed at a central portion of the plate
heater 40. The heater 40 1s used to increase the temperature
of stabilized zirconia (Y,0;—ZrO, based ceramic) over a
specific temperature, for example, 300° C. As the tempera-
ture of each of the first and second solid electrolyte layers 34
and 35 1s increased, the resistance thereof 1s reduced. That
is to say, the resistance of stabilized zirconia (Y,0,—Zr0O,
based ceramic) is dependent on temperature change. In the
normal temperature environment of the oxygen sensor, for
example, upon start-up of the oxygen sensor, since the
resistance of stabilized zirconia 1s high, it 1s difficult for the
oxygen sensor to detect an oxygen concentration.
Accordingly, the starting of detection 1s made earlier by

increasing the temperature of stabilized zirconia by the plate
heater 40.

Hereinafter, the shapes of the components of the oxygen

sensor and a manufacturing procedure thereof will be
described.

FIG. 5 1s an exploded perspective view showing respec-
tive layers of the detecting clement 30 of the present
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invention. In this figure, although each layer 1s formed of a
thin layer, 1t 1s shown on an enlarged scale in the thickness
direction for a clearer understanding.

The dimensions of the first, second, and third electrodes
33, 36 and 37 are substantially equal to each other.

The first solid electrolyte layer 34 1s composed of a central
clectrode connection portion 34¢, and side connection por-
tions 34d, 34e¢ and 34/, cach having a specific width,
provided along the edge of the central electrode connection
portion 34c. By provision of these connection portions 344,
34¢ and 34/, the solid electrolyte layer 34 can be connected
to another solid electrolyte layer (second solid electrolyte
layer 35) with the first electrode 33 put at the central
clectrode connection portion 34¢ therebetween.

The first layer 35a of the second solid electrolyte layer 35
1s composed of a heater mounting portion 35¢; first connec-
tion portions 35d, 35¢ and 35/, each having a specific width,
provided along the edge of the heater mounting portion 35c¢;
and a central second connection portion 35g. By the provi-
sion of the first connection portions 35d, 35¢ and 35/ and the
second connection portion 35g, the first layer 354 can be

connected to another solid electrolyte layer (second layer
35b) with the plate heater 40 put at the heater mounting
portion 35¢ therebetween.

The protective layer 38 1s composed of a first protective
layer 38a having a gas permeability, and a second protective
layer 38b having no gas permeability. To be more speciic,
the first protective layer 38a 1s a ceramic film allowing
permeation of exhaust gas therethrough, which 1s provided
for preventing deterioration of platinum due to a compound
contained 1n exhaust gas, erosion of platinum due to par-
ficles contained in exhaust gas, and separation of platinum
due to mechanical impact and/or thermal 1mpact.

The protective layer 39 1s composed of a first protective
layer 39a having a gas permeability and a second protective
layer 39b having no gas permeability. The function of the
first protective layer 39a 1s the same as that of the first
protective layer 384, and therefore, the explanation thereof
1s omitted.

The heater main body 41 1s a plate heater having a width
W and provided with an opening 44 at its central portion.
The width W 1s set to be slightly smaller than that of each
of the first and second solid electrolyte layers 34 and 35 by
a speciiic dimension. By provision of the opening 44, the
first layer 35a can be integrally connected to the second
layer 35b over a wide area.

The 1nsulating layer 42 1s a {ilm formed on the heater main
body 41 to a speciiic thickness. The film has an opening,
portion 43 along the opening 44 of the heater main body 41.

One example of a procedure of manufacturing the detect-
ing element 30 will be described below with reference to

FIGS. 4 and 5.

The first solid electrolyte layer 34 1s prepared by molding
stabilized zirconia (Y,0;—ZrO, based ceramic) as a raw
material into a flat sheet having a specific shape and sinter-
ing the sheet 1n a sintering furnace, for example, a normal
pressure tunnel furnace at a temperature of 1300 to 1600° C.
The first solid electrolyte layer 34 thus obtained is taken as
a substrate, which 1s additionally machined into a finished
shape as needed. Then, the first and second electrodes 33 and
36 composed of thin films, each having a specific thickness,
are formed on both sides of the first solid electrolyte layer 34
as the substrate by typically preparing a paint of platinum
(Pt), printing both surfaces of the substrate with the Pt paint,
and sintering the paint.

The first layer 354 1s formed by sintering, and the 1nsu-
lating layer 42, the heater main body 41 and the insulating
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layer 42 composed of thin films are sequentially formed on
the heater mounting portion 35¢ of the first layer 35a by
printing and sistering, to form the plate heater 40. The
second layer 350 1s formed by sintering, and the third
clectrode 37 of Pt 1s formed on the second layer 35b. Then,
the first solid electrolyte layer 34, the first layer 354, the
plate heater 40, and the second layer 35b are sequentially
stacked 1n such a manner as to be connected to each other.
Finally, the first protective layer 38a 1s formed on the first
solid electrolyte layer 34 and the second electrode 36 by
typically thermal-spraying zirconia or alumina (Al,O;, alu-
minum oxide) on the first solid electrolyte layer 34 and the
second electrode 36, and similarly, the first protective layer
39a 1s formed on the second solid electrolyte layer 35 and
the third electrode 37. The remaining second protective
layers 38b and 39b are similarly formed.

The function of the above-described oxygen sensor will
be described below.

FIGS. 6(a) and 6(b) are diagrams showing a first function
of the oxygen sensor of the present invention, wherein FIG.

6(a) shows the first function of a comparative example, and
FIG. 6(b) shows the first function of the embodiment.

Referring to FIG. 6(a), an oxygen sensor 100 is mounted
in an exhaust passage 1n which exhaust gas flows from the
upstream side (from the engine side) as shown by hollow
arrows 1. The exhaust gas flows 1n a protector 101 through
exhaust gas induction holes 102 formed 1n the protector 101
as shown by hollow arrows 2, going out of the protector 101
through the exhaust gas induction holes 102 as shown by
hollow arrows 3, and flows on the downstream side to be
discharged. At this time, the exhaust gas 1s brought into
contact with an outer electrode 106 as shown by arrows 4,
whereby an oxygen concentration 1s detected by a sensor
clement unit 105 which has a directing angle N extending
along only a specific direction within which the responsivity
of detection becomes large. Accordingly, when the exhaust
gas comes closer to the range of the directing angle N as
shown by the hollow arrows 3, the sensor element unit 105
can detect oxygen.

Referring to FIG. 6(b), the oxygen sensor 1 in this
embodiment 1s mounted 1n an exhaust passage, wherein
cxhaust gas flows from the upstream side as shown by
hollow arrows § and enters 1n the inner cylinder 24 as shown
by hollow arrows 6. The exhaust gas flows 1n the inner
cylinder 24 toward the downstream side as shown by hollow
arrows 7. At this time, the exhaust gas 1s brought into contact
with the second electrode 36 as shown by arrows 8 and 1s last
brought 1nto contact with the third electrode 37 side as
shown by arrows 9. In this embodiment, the oxygen sensor
1 including the second and third electrodes 36 and 37 1s
advantageous 1n that the directivity of detection extends 1n
two directions. That 1s to say, a directing angle E 1s present
on the second electrode 36 side and a directing angle N1 1s
present on the third electrode 37 side. The directing angle E
on the second electrode 36 side 1s directed on the upstream
side, that 1s, opposite to the flow of the exhaust gas, so that
the second electrode 36 1s brought 1in contact with oxygen
carlier than the third electrode 37 does and thereby it outputs
a detection signal earlier than the third electrode 37 does. On
the other hand, the third electrode 37 1s located at a position
similar to the outer electrode 106 of the comparative
example, and 1t outputs a detection signal when the exhaust
gas comes closer to the mndicating angle N1 as shown by the
hollow arrows 7.

If the third electrode 37 1s directed on the upstream side
by reversing the orientations of the detecting planes 31 and
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32, the third electrode 37 1s brought into contact with
exhaust gas earlier than the second electrode 36 does and
thereby 1t outputs a detection signal earlier than the second
clectrode 36 does.

Although the orientations of the second electrode 36 and s
the third electrode 37 are changed depending on the degree
of fastening of the external thread 13 upon mounting of the
oxygen sensor 1 (see FIG. 1), the second electrode 36 or
third electrode 37 directed on the upstream side, that is,
opposite to the tlow of the exhaust gas outputs a detection
signal earlier than the third electrode 37 or second electrode
36 directed on the downstream side, with a result that the
oxygen sensor usually outputs a detection signal for a short
response time.

Since the protector 21 1s not required to turn exhaust gas
between the 1nner cylinder 24 and the outer cylinder 235, 1t
can be mimaturized. Further, since the gas permeable holes
24a and 25a are formed into simple circular holes, it 1s
possible to reduce the machining cost of the holes 24a and

25a.

In addition, the oxygen sensor in the comparative
example 1s of a type for mntroducing atmospheric oxygen and
detecting an electromotive force on the basis of a difference
in oxygen concentration. On the other hand, the oxygen
sensor 1n this embodiment 1s of a type for detecting an
oxygen concentration by applying a voltage to electrodes,
and therefore, this type does not require atmospheric air.
Accordingly, the oxygen sensor in this embodiment elimi-
nates the necessity of providing any atmospheric air 1ntro-
duction hole.

FIG. 7 1s a diagram showing a second function of the
oxygen sensor of the present invention.

Referring to FIG. 7, the exhaust gas 1s brought into
contact with the detecting plane 32 as shown by the arrows
9, and the exhaust gas 1s brought 1n contact with the opposed 35
detecting plane 31 as shown by the arrows 8. When an
anodic voltage (+) is applied to the central first electrode 33
of the detecting element 30; a cathodic voltage (-) is applied
to the second electrode 36; and a cathodic voltage (-) is
applied to the third electrode 37, oxygen 1n the exhaust gas 4
captures electrons by activation of the third electrode 37, to
be converted into oxygen ions (O7). The oxygen ions thus
ogenerated permeate through the solid electrolyte layer 35
toward the first electrode 33. At this time, the permeation of
the oxygen 10ns 1s restricted by the insulating layer 42 of the 45
plate heater 40 as shown by arrows “a”; however, in this
embodiment, since the opening portion 43 allowing perme-
ation of oxygen 1ons 1s formed 1n the plate heater 40 and the
second connection portion 35¢ 1s provided on the first layer
35a (see FIG. §), the oxygen 1ons pass through the opening s
portion 43 as shown by an arrow “b”, reaching the first
electrode 33, and release electrons on the first electrode 33
side to thus remain as oxygen.

Further, since the plate heater 40 having the specific width
1s buried in the second solid electrolyte layer 35 1n the state 55
in which the first side connection portions 35d, 35¢ and 35/
(see FIG. §) of the second solid electrolyte layer 35, each
having the specific width, are protruded from the plate heater
40, the oxygen 1ons pass through the first connection por-
tions 35d, 35¢ and 35/ as shown by arrows “c”, and release ¢
electrons on the first electrode 33 side to thus remain as
oxygen. In this way, oxygen 1ons are allowed to pass 1nside
and outside the plate heater 40, so that the detection perfor-
mance 1s not reduced although the plate heater 40 1s disposed

between the first electrode 33 and the third electrode 37. 45

On the detection plane 31 side, oxygen 1n the exhaust gas
captures electrons by activation of the second electrode 36,
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to be converted into oxygen ions (O”7). The oxygen ions
permeate through the solid electrolyte layer 34 as shown by
arrows “d”, and release electrons on the first electrode 33
side to thus remain as oxygen. A current flows between the
clectrodes depending on the degree of oxidation/reduction of
oxygen, so that a variation 1n concentration of oxygen in the
exhaust gas can be detected as a current value. The appli-
cation of a voltage for generating oxygen and detection of a
current indicating oxygen concentration are carried out by a
control unit.

Since the resistance of each of the first and second solid
clectrolyte layers 34 and 35 1s reduced by increasing the
temperature of stabilized zirconia (Y,O;—ZrO, based
ceramic) over a specific temperature, for example, 300° C.
by the plate heater 40, 1t 1s possible to permit an earlier
starting of the detection by the oxygen sensor.

The base material of each of the solid electrolyte layers 34
and 35 described 1n the embodiment with reference to FIG.
4 is not limited to zirconia (ZrO,) but may be a solid
electrolyte [conductive ions: oxygen ions (O”7)] such as
cerium oxide (CeQ,), bismuth oxide (Bi,05), hafnium oxide

(HfO,), or thorium oxide (ThO.,).

The stabilizing agent shown in FIG. 4 1s not limited to
yttria (Y,O3) but may be calcium oxide (CaO), magnesium
oxide (MgO) or scandium oxide (Sc,0,).

Although the plate heater 40 shown 1n FIG. 4 1s formed
into a flat-plate shape, it may be formed by a wire material,
that 1s, may be formed into any shape allowing permeation
of oxygen 10ns.

In the manufacturing procedure shown in FIG. 4, the solid
clectrolyte layer 34 1s taken as the substrate; however, the
solid electrolyte layer 35 may be taken as a substrate and the
other components may be sequentially stacked on the sub-
strate.

The present invention having the above configuration
exhibits the following effects. According to the present
invention, since the second electrode 1s disposed on one side
of the first electrode with a solid electrolyte layer put
therebetween and the third electrode 1s disposed on the other
side of the first electrode with a solid electrolyte layer put
therebetween, both the sides of the sensor element unit
function as detecting planes. This means that the directivity
of the oxygen sensor extends in two directions. Since either
the second electrode or the third electrode faces to the flow
of exhaust gas, the oxygen sensor of the present mnvention
can be brought in contact with exhaust gas earlier than the
prior art oxygen sensor does. Accordingly, the response time
of the oxygen sensor of the present invention becomes
shorter than that of the prior art oxygen sensor.

If the second electrode 18 directed on the downstream side,
the third electrode 1s directed on the upstream side, and 1n
this case, the third electrode outputs a detection signal earlier
than the second electrode does. Accordingly, the detection
time of the oxygen sensor of the present invention becomes
shorter than that of the prior art oxygen sensor of a type in
which detection 1s performed on the downstream side. As a
result, the oxygen sensor of the present invention i1s
improved 1n terms of the responsivity of detection.

Further, since migration of oxygen 1ons 1s detected via the
solid electrolyte layers formed on both the sides of the first
electrode, each of the second electrode and the third elec-
trode can convert an oxygen concentration 1nto an electric
signal. In other words, both the detecting planes of the
oxygen sensor can each detect the concentration of oxygen
contained 1n exhaust gas.

Accordingly, the oxygen sensor of the present mnvention
makes 1t possible to extend the directivity of detection 1n two
directions and to 1improve the responsivity of detection.
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According to the present invention, since the opening
portion allowing permeation of oxygen 1ons therethrough 1s
formed 1n the plate heater, if the plate heater 1s disposed on
the second electrode side, oxygen 1ons migrate from the
second electrode to the first electrode through the opening
portion, to convert an oxXygen concentration mnto an electric
signal; while 1f the plate heater 1s disposed on the third
clectrode side, oxygen 1ons migrate from the third electrode
to the first electrode through the opening portion, to convert
an oxygen concentration into an electric signal. As a result,
although the plate heater 1s provided between the electrodes,
detecting performance 1s not reduced.

The mvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the mvention, and all such modifications as would be
obvious to one skilled 1n the art are intended to be included
within the scope of the following claims.

What 1s claimed 1s:

1. An oxygen sensor adapted for mounting 1n an exhaust
passage of an engine for detecting an oxygen component

contained 1n exhaust gas, comprising:
a sensor element unit including a first electrode;

a second electrode disposed on one side of said first
clectrode with a first solid electrolyte layer positioned
therebetween, said first solid electrolyte layer 1s con-
structed of stabilized zirconia;

a third electrode disposed on the other side of said first
clectrode with a second solid electrolyte layer posi-
tioned therebetween, thereby detecting migration of
oxygen 1ons between said first electrode and said
second electrode and migration of oxygen 1ons between
said first electrode and said third electrode, said second
clectrolyte layer being constructed of two layers, each
of said two layers being constructed of stabilized
zirconia, one of said two layers including a heater
mounting portion; and

a plate heater provided 1n said heater mounting portion.
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2. The oxygen sensor according to claim 1, wherein said
plate heater has an opening portion allowing permeation of
said oxygen 1ons therethrough, said plate heater being inter-
posed 1n at least one space, wherein said at least one space
1s between said first electrode and said third electrode.

3. The oxygen sensor according to claim 2, wherein said
plate heater includes a main body and an insulating layer
covering entirely the main body with an opened portion
formed at a central portion of the plate heater.

4. The oxygen sensor according to claim 1, wherein said
first electrode 1s formed of a porous platinum body having
a gas permeability for allowing oxygen 1ons to flow 1n the
clectrolyte layer positioned between the first and second
clectrodes.

5. The oxygen sensor according to claim 1, wherein said
second electrode 1s formed of a porous platinum body
having a gas permeability for allowing oxygen 1ons to flow
in the first electrolyte layer.

6. The oxygen sensor according to claim 1, wherein said
third electrode 1s formed of a porous platinum body having
a gas permeability for allowing oxygen 1ons to flow 1n the
second electrolyte layer.

7. The oxygen sensor according to claim 1, wherein said
first electrolyte layer 1s constructed of sintered stabilized
zirconia with a platinum paint sintered thereon.

8. The oxygen sensor according to claim 1, wherein said
second electrolyte layer 1s constructed of sintered stabilized
zirconia with a platinum paint sintered thereon.

9. The oxygen sensor according to claim 1, wherein said
heater mounting portion further comprises {irst connection
portions each with a specific width provided along an edge
of said heater mounting portion.

10. The oxygen sensor according to claim 9, wherein said
heater mounting portion further comprises a central second
connection portion.
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